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(57) Herein disclosed is a shaft sealing apparatus 
which comprises a vacuum casing (110) formed with a 
vacuum chamber (111), a driving shaft (130, 140) having 
an outer cylindrical surface (130b, 140b) and movably 
extending in the vacuum chamber (111) of the vacuum 
casing (110), and a sealing ring (153, 163) in the form 
of an annular ring shape and including a sealing lip 
(154c, 164c) held in contact with the outer cylindrical 
surface (130b, 140b) of the driving shaft (130, 140), an 
annular spring member ( 1 55, 1 65) operative to impart a 
force to the sealing lip (154c, 164c) to ensure that the 
sealing lip (154c, 164c) is held in tight contact with the 
outer cylindrical surface (1 30b, 140b) of the driving shaft 
(130, 140), and a peripheral portion (154b, 164b) radi- 
ally outwardly extending from the sealing lip (154c, 
164c), in which the outer cylindrical surface (130b, 
1 40b) of the driving shaft ( 1 30, 1 40) is smaller in surface 
roughness Ra than 0.1 (jim). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a shaft sealing 
apparatus, and more particularly to a shaft sealing ap- 
paratus for sealing the gaps between a driving shaft and 
other parts around the driving shaft to have the driving 10 
shaft movably extending in a vacuum chamber and op- 
eratively connected with a handling mechanism dis- 
posed in the vacuum chamber. 

2. Description of the Related Art *5 

[0002] Up until now, there have been proposed a wide 
variety of conventional shaft sealing apparatuses each 
designed to seal the gaps between a driving shaft and 
other parts around the driving shaft to have the driving 20 
shaft movably extending in a vacuum chamber and op- 
eratively connected with a handling mechanism dis- 
posed in the vacuum chamber. 
[0003] The conventional shaft sealing apparatuses 
thus proposed have so far been available for various 25 
vacuum processing apparatuses such as a semicon- 
ductor producing apparatus. In general, the vacuum 
processing apparatus of this kind is equipped with a vac- 
uum casing formed with a vacuum chamber and a han- 
dling mechanism such as a manipulator designed to 30 
handle wafers and other substrates in the vacuum 
chamber. The vacuum processing apparatus thus con- 
structed is operative to produce various precision prod- 
ucts including an integrated circuit (IC), a large scale 
integrated circuit (LSI) and a liquid crystal display (LCD) 35 
base plate. The precision products produced by the vac- 
uum processing apparatus are used for a semiconduc- 
tor device, a liquid crystal display (LCD) and other ob- 
jects. 

[0004] In recent years, the precision products de- to 
scribed in the above are produced in the vacuum cham- 
ber maintained at a constant vacuum level, for example, 
a high vacuum level (1 x 10" 1 to 1 x 10" 5 Pa) and an 
ultra high vacuum level (less than 1 x 10' 5 Pa), resulting 
from the fact that the process of producing the precision 45 
products has been progressed to obtain more excellent 
quality and to reduce inferior products. The conventional 
shaft sealing apparatus is, therefore, installed in the vac- 
uum processing apparatus to have the vacuum cham- 
ber maintained at a constant vacuum level. so 
[0005] The conventional shaft sealing apparatus of 
this type comprises a vacuum casing formed with a vac- 
uum chamber and an opening to have the vacuum 
chamber held in communication with the atmosphere 
through the opening, a shaft housing fixedly connected 55 
with the vacuum casing, and a driving shaft received in 
the shaft housing to be rotatably supported by the shaft 
housing. The driving shaft has a first axial end extending 



in the vacuum chamber to be operatively connected with 
the handling mechanism disposed in the vacuum cham- 
ber, and a second axial end extending in the atmosphere 
to be operatively connected with an electric motor. The 
handling mechanism includes a handling member piv- 
otally supported by the driving shaft to be operative to 
handle wafers and other substrates in the vacuum 
chamber. 

[0006] The conventional shaft sealing apparatus fur- 
ther comprises a plurality of magnetic fluid seals inter- 
vening between the driving shaft and the shaft housing 
to hermetically seal the gap between the driving shaft 
and the shaft housing. The magnetic fluid seals are ax- 
ially disposed in series between the driving shaft and 
the shaft housing, resulting from the fact that each of the 
magnetic fluid seals has a resistance pressure of ap- 
proximately 20 kPa. 

[0007] The conventional shaft sealing apparatus thus 
constructed, however, encounters such a problem that 
the conventional shaft sealing apparatus is complicated 
in construction and thus increased in size, resulting from 
the fact that the conventional shaft sealing apparatus is 
required to comprise a number of magnetic fluid seals 
axially disposed in series between the driving shaft and 
the shaft housing. 

[0008] The conventional shaft sealing apparatus de- 
scribed in the above encounters another problem that 
the conventional shaft sealing apparatus is difficult to 
assemble, resulting from the fact that the conventional 
shaft sealing apparatus is complicated in construction 
and thus large in size. 

[0009] The conventional shaft sealing apparatus de- 
scribed in the above encounters further problem that the 
driving shaft cannot be axially movably supported by the 
shaft housing, resulting from the fact that the magnetic 
fluid seals intervene between the driving shaft and the 
shaft housing. 

[0010] While it has been described in the above that 
the conventional shaft sealing apparatus comprises a 
driving shaft movably extending in the vacuum chamber, 
the driving shaft may be replaced by a driving shaft ac- 
commodated in a vacuum chamber in order to have the 
vacuum chamber maintained at a constant vacuum lev- 
el. This type of shaft sealing apparatus is disclosed in 
Japanese Patent Publication No. 2761438. 
[0011] The conventional shaft sealing apparatus of 
this type comprises a vacuum casing formed with a cas- 
ing chamber and an opening, a shaft housing formed 
with a housing chamber and axially movably connected 
with the vacuum casing through a bellows unit, and a 
driving shaft received in the shaft housing to be rotatably 
supported by the shaft housing. The casing chamber is 
held in communication with the housing chamber 
through the opening to ensure that the casing chamber 
and the housing chamber collectively define a vacuum 
chamber. The driving shaft is accommodated in the vac- 
uum chamber to be operatively connected at one end 
with the handling mechanism disposed in the casing 
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chamber and at the other end with an electric motor dis- 
posed in the housing chamber. The handling mecha- 
nism includes a handling member pivotally supported 
by the driving shaft to be operative to handle wafers and 
other substrates in the casing chamber. 5 
[001 2] The conventional shaft sealing apparatus thus 
constructed, however, encounters such a problem that 
the conventional shaft sealing apparatus is complicated 
in construction and thus increased in size, resulting from 
the fact that the conventional shaft sealing apparatus is 
required to comprise a shaft housing axially movably 
connected with the vacuum casing through the bellows 
unit. 

[0013] The conventional shaft sealing apparatus de- 
scribed in the above encounters another problem that 
the exhaust load of the vacuum chamber is increased, 
resulting from the fact that the vacuum chamber is in- 
creased in space to have the driving shaft, the electric 
motor and other parts accommodated in the vacuum 
chamber. 

[0014] The conventional shaft sealing apparatus de- 
scribed in the above encounters further problem that 
dust particles generated from the driving shaft, the elec- 
tric motor and other parts are discharged into the vacu- 
um chamber, resulting from the fact that the driving 
shaft, the electric motor and other parts are accommo- 
dated in the vacuum chamber. 

SUMMARY OF THE INVENTION 

[0015] It is, therefore, an object of the present inven- 
tion to provide a shaft sealing apparatus that is excellent 
in characteristic to seal the gaps between a driving shaft 
and other parts around the driving shaft. 
[0016] It is another object of the present invention to 
provide a shaft sealing apparatus that can be simple in 
construction and thus reduced in size. 
[0017] It is further object of the present invention to 
provide a shaft sealing apparatus that can be assem- 
bled with facility. 

[0018] In accordance with a first aspect of the present 
invention, there is provided a shaft sealing apparatus, 
comprising: a vacuum casing formed with a vacuum 
chamber; a driving shaft having an outer cylindrical sur- 
face and movably extending in the vacuum chamber of 
the vacuum casing; and a sealing ring in the form of an 
annular ring shape and including a sealing lip held in 
contact with the outer cylindrical surface of the driving 
shaft, an annular spring member operative to impart a 
force to the sealing lip to ensure that the sealing lip is 
held in tight contact with the outer cylindrical surface of 
the driving shaft, and a peripheral portion radially out- 
wardly extending from the sealing lip, in which the outer 
cylindrical surface of the driving shaft is smaller in sur- 
face roughness Ra than 0.1 u.m. 
[0019] The outer cylindrical surface of the driving 
shaft may be larger in Vickers hardness Hv than 650. 
[0020] The annular spring member of the sealing ring 



may be made of a metal wire in the form of a helical 
shape and is of a circular cross-section taken on the 
plane perpendicular to the center axis passing there- 
through. 

[0021] The annular spring member of the sealing ring 
may be made of a metal plate in the form of an annular 
ring shape and is of a channel-shaped cross-section 
taken on the plane perpendicular to the center axis 
passing therethrough. 

[0022] The sealing lip of the sealing ring may be made 
of a synthetic resin constituted by an ultra high molecu- 
lar weight compound. 

[0023] In accordance with a second aspect of the 
present invention, there is provided a shaft sealing ap- 
paratus, comprising: a vacuum casing formed with a 
vacuum chamber and having a base portion formed with 
an opening to have the vacuum chamber of the vacuum 
casing held in communication with the atmosphere 
through the opening of the vacuum casing; a shaft hous- 
ing in the form of a cylindrical hollow shape and fixedly 
connected with the base portion of the vacuum casing, 
the shaft housing having an inner cylindrical surface; a 
driving shaft in the form of a cylindricaJ shape and re- 
ceived in the shaft housing to be movably supported by 
the shaft housing, the driving shaft held in coaxial align- 
ment with the shaft housing and having a first axial end 
extending in the vacuum chamber of the vacuum casing, 
a second axial end extending in the atmosphere, and 
an outer cylindrical surface smaller in diameter than the 
inner cylindrical surface of the shaft housing; and a seal- 
ing unit received in the opening of the vacuum casing 
and fixedly supported by the base portion of the vacuum 
casing, the sealing unit including a retaining member in 
the form of an annular ring shape and fixedly connected 
with the base portion of the vacuum casing, and a seal- 
ing ring in the form of an annular ring shape and securely 
retained by the retaining member of the sealing unit, the 
seating ring of the seating unit intervening between the 
driving shaft and the retaining member of the sealing 
unit to hermetically seal the gap between the driving 
shaft and the retaining member of the sealing unit, the 
sealing ring of the sealing unit including an annular re- 
silient member formed with an annular groove, and an 
annular spring member received in the annular groove 
of the annular resilient member and retained by the an- 
nular resilient member, the annular resilient member of 
the sealing ring having a peripheral portion securely re- 
tained by the retaining member, and a sealing lip inte- 
grally formed with the peripheral portion of the annular 
resilient member and radially inwardly extending from 
the peripheral portion of the annular resilient member to 
be held in contact with the outer cylindrical surface of 
the driving shaft, the annular spring member of the seal- 
ing ring operative to impart a force to the sealing lip of 
the annular resilient member to ensure that the sealing 
lip of the annular resilient member is held in tight contact 
with the outer cylindrical surface of the driving shaft. 
[0024] In accordance with a third aspect of the present 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 201 975 A2 



6 



invention, there is provided a shaft sealing apparatus, 
comprising: a vacuum casing formed with a vacuum 
chamber and having a base portion formed with an 
opening to have the vacuum chamber of the vacuum 
casing held in communication with the atmosphere 
through the opening of the vacuum casing; a shaft hous- 
ing in the form of a cylindrical hollow shape and fixedly 
connected with the base portion of the vacuum casing, 
the shaft housing having an inner cylindrical surface; a 
sleeve shaft in the form of a cylindrical hollow shape and 
received in the shaft housing to be movably supported 
by the shaft housing, the sleeve shaft held in coaxial 
alignment with the shaft housing and having a first axial 
end extending in the vacuum chamber of the vacuum 
casing, a second axial end extending in the atmosphere, 
an outer cylindrical surface smaller in diameter than the 
inner cylindrical surface of the shaft housing, and an in- 
ner cylindrical surface; a center shaft in the form of a 
cylindrical shape and received in the sleeve shaft to be 
movably supported by the sleeve shaft, the center shaft 
held in coaxial alignment with the sleeve shaft and hav- 
ing a first axial end extending in the vacuum chamber 
of the vacuum casing, a second axial end extending in 
the atmosphere, and an outer cylindrical surface smaller 
in diameter than the inner cylindrical surface of the 
sleeve shaft; a first sealing unit provided on the first axial 
end of the sleeve shaft and held in coaxial alignment 
with the sleeve shaft, the first sealing unit including a 
retaining member in the form of an annular ring shape 
and fixedly connected with the first axial end of the 
sleeve shaft, and a sealing ring in the form of an annular 
ring shape and securely retained by the retaining mem- 
ber of the first sealing unit, the sealing ring of the first 
sealing unit intervening between the center shaft and 
the retaining member of the first sealing unit to hermet- 
ically seal the gap between the center shaft and the re- 
taining member of the first sealing unit, the sealing ring 
of the first sealing unit including an annular resilient 
member formed with an annular groove, and an annular 
spring member received in the annular groove of the an- 
nular resilient member and retained by the annular re- 
silient member, the annular resilient member of the seal- 
ing ring having a peripheral portion securely retained by 
the retaining member, and a sealing lip integrally formed 
with the peripheral portion of the annular resilient mem- 
ber and radially inwardly extending from the peripheral 
portion of the annular resilient member to be held in con- 
tact with the outer cylindrical surface of the center shaft, 
the annular spring member of the sealing ring operative 
to impart a force to the sealing lip of the annular resilient 
member to ensure that the sealing lip of the annular re- 
silient member is held in tight contact with the outer cy- 
lindrical surface of the center shaft; and a second seal- 
ing unit received in the opening of the vacuum casing 
and fixedly supported by the base portion of the vacuum 
casing, the second sealing unit including a retaining 
member in the form of an annular ring shape and fixedly 
connected with the base portion of the vacuum casing, 



and a sealing ring in the form of an annular ring shape 
and securely retained by the retaining member of the 
second sealing unit, the sealing ring of the second seal- 
ing unit intervening between the retaining member of the 
5 first sealing unit and the retaining member of the second 
sealing unit to hermetically seal the gap between the re- 
taining member of the first sealing unit and the retaining 
member of the second sealing unit, the sealing ring of 
the second sealing unit including an annular resilient 

to member formed with an annular groove, and an annular 
spring member received in the annular groove of the an- 
nular resilient member and retained by the annular re- 
silient member, the annular resilient member of the seal- 
ing ring having a peripheral portion securely retained by 

15 the retaining member, and a sealing lip integrally formed 
with the peripheral portion of the annular resilient mem- 
ber and radially inwardly extending from the peripheral 
portion of the annular resilient member to be held in con- 
tact with the outer cylindrical surface of the first sealing 

20 unit, the annular spring member of the sealing ring op- 
erative to impart a force to the sealing lip of the annular 
resilient member to ensure that the sealing lip of the an- 
nular resilient member is held in tight contact with the 
outer cylindrical surface of the first sealing unit. 

25 [0025] In accordance with a fourth aspect of the 
present invention, there is provided a shaft sealing ap- 
paratus, comprising: a vacuum casing formed with a 
vacuum chamber and having a base portion formed with 
an opening to have the vacuum chamber of the vacuum 

30 casing held in communication with the atmosphere 
through the opening of the vacuum casing; a shaft hous- 
ing in the form of a cylindrical hollow shape and fixedly 
connected with the base portion of the vacuum casing, 
the shaft housing having an inner cylindrical surface; a 

35 sleeve shaft in the form of a cylindrical hollow shape and 
received in the shaft housing to be movably supported 
by the shaft housing, the sleeve shaft held in coaxial 
alignment with the shaft housing and having a first axial 
end extending in the vacuum chamber of the vacuum 

40 casing, a second axial end extending in the atmosphere, 
an outer cylindrical surface smaller in diameter than the 
inner cylindrical surface of the shaft housing, and an in- 
ner cylindrical surface; a center shaft in the form of a 
cylindrical shape and received in the sleeve shaft to be 

45 movably supported by the sleeve shaft, the center shaft 
held in coaxial alignment with the sleeve shaft and hav- 
ing a first axial end extending in the vacuum chamber 
of the vacuum casing, a second axial end extending in 
the atmosphere, and an outer cylindrical surface smaller 

so in diameter than the inner cylindrical surface of the 
sleeve shaft; a first sealing unit fixedly supported by the 
sleeve shaft, the first sealing unit including a retaining 
member in the form of an annular ring shape and fixedly 
supported by the sleeve shaft, and a sealing ring in the 

55 form of an annular ring shape and securely retained by 
the retaining member of the first sealing unit, the sealing 
ring of the first sealing unit intervening between the cent- 
er shaft and the retaining member of the first sealing unit 
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to hermetically seal the gap between the center shaft 
and the retaining member of the first sealing unit, the 
sealing ring of the first sealing unit including an annular 
resilient member formed with an annular groove, and an 
annular spring member received in the annular groove 5 
of the annular resilient member and retained by the an- 
nular resilient member, the annular resilient member of 
the sealing ring having a peripheral portion securely re- 
tained by the retaining member, and a sealing lip inte- 
grally formed with the peripheral portion of the annular 10 
resilient member and radially inwardly extending from 
the peripheral portion of the annular resilient member to 
be held in contact with the outer cylindrical surface of 
the center shaft, the annular spring member of the seal- 
ing ring operative to impart a force to the sealing lip of * 5 
the annular resilient member to ensure that the sealing 
lip of the annular resilient member is held in tight contact 
with the outer cylindrical surface of the center shaft; and 
a second sealing unit fixedly supported by the base por- 
tion of the vacuum casing, the second sealing unit in- 20 
eluding a retaining member in the form of an annular 
ring shape and fixedly supported by the base portion of 
the vacuum casing, and a sealing ring in the form of an 
annular ring shape and securely retained by the retain- 
ing member of the second sealing unit, the sealing ring 25 
of the second sealing unit intervening between the 
sleeve shaft and the retaining member of the second 
sealing unit to hermetically seal the gap between the 
sleeve shaft and the retaining member of the second 
sealing unit, the sealing ring of the second sealing unit 30 
including an annular resilient member formed with an 
annular groove, and an annular spring member received 
in the annular groove of the annular resilient member 
and retained by the annular resilient member, the annu- 
lar resilient member of the sealing ring having a periph- 35 
era! portion securely retained by the retaining member, 
and a sealing lip integrally formed with the peripheral 
portion of the annular resilient member and radially in- 
wardly extending from the peripheral portion of the an- 
nular resilient member to be held in contact with the out- 40 
er cylindrical surface of the sleeve shaft, the annular 
spring member of the sealing ring operative to impart a 
force to the sealing lip of the annular resilient member 
to ensure that the sealing lip of the annular resilient 
member is held in tight contact with the outer cylindrical 45 
surface of the sleeve shaft. 

[0026J The shaft sealing apparatus may further com- 
prise a first labyrinth seal unit intervening between the 
sleeve shaft and the center shaft to be exposed to the 
vacuum chamber of the vacuum casing, and a second 50 
labyrinth seal unit intervening between the vacuum cas- 
ing and the sleeve shaft to be exposed to the vacuum 
chamber of the vacuum casing, the first labyrinth seal 
unit including an outer ring member provided on the first 
axial end of the sleeve shaft, and an inner ring member ss 
provided on the first axial end of the center shaft, the 
outer and inner ring members of the first labyrinth seal 
unit collectively forming an interstice therebetween, the 



second labyrinth seal unit including an outer ring mem- 
ber provided on the base portion of the vacuum casing, 
and an inner ring member provided on the first axial end 
of the sleeve shaft, the outer and inner ring members of 
the second labyrinth seal unit collectively forming an in- 
terstice therebetween. 

[0027] The shaft sealing apparatus may further com- 
prise a base member in the form of a circular shape and 
provided on the first axial end of the center shaft, a first 
fixed member in the form of an annular ring shape and 
provided on the first axial end of the sleeve shaft, and a 
second fixed member in the form of an annular ring 
shape and provided on the base portion of the vacuum 
casing, the base member and the first fixed member col- 
lectively constituting the first labyrinth seal unit, the first 
and second fixed members collectively constituting the 
second labyrinth seal unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The features and advantages of a shaft sealing 
apparatus according to the present invention will more 
clearly be understood from the following description tak- 
en in conjunction with the accompanying drawings in 
which: 

FIG. 1 is a fragmentary cross-sectional view of a 
first embodiment of the shaft sealing apparatus ac- 
cording to the present invention; 
FIG. 2 is an enlarged cross-sectional view of a seal- 
ing ring forming part of the shaft sealing apparatus 
shown in FIG. 1; 

FIG. 3 is an enlarged cross-sectional view similar 
to FIG. 2 but showing another type of sealing ring 
forming part of the shaft sealing apparatus shown 
in FIG. 1; 

FIG. 4 is a fragmentary cross-sectional view similar 
to FIG. 1 but showing a preparing step performed 
by the shaft sealing apparatus shown in FIG. 1; 
FIG. 5 is a fragmentary cross-sectional view similar 
to FIG. 4 but showing first and second installing 
steps performed by the shaft sealing apparatus 
shown in FIG. 1; 

FIG. 6 is a fragmentary cross-sectional view of a 
second embodiment of the shaft sealing apparatus 
according to the present invention; and 
FIG. 7 is a fragmentary cross-sectional view of a 
third embodiment of the shaft sealing apparatus ac- 
cording to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Throughout the following detailed description, 
similar reference characters and numbers refer to sim- 
ilar elements in all figures of the drawings. 
[0030] The first preferred embodiment of the shaft 
sealing apparatus according to the present invention will 
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now be described in detail in accordance with the ac- 
companying drawings. 

[0031] Referring now to the drawings, in particular to 
FIGS. 1 to 5, there is shown the first preferred embodi- 
ment of the shaft sealing apparatus according to the 5 
present invention. The shaft sealing apparatus 100 is 
available for a vacuum processing apparatus equipped 
with a handling mechanism. The shaft sealing appara- 
tus 100 comprises a vacuum casing 110 formed with a 
vacuum chamber 111, and a shaft housing 120 in the 10 
form of a cylindrical hollow shape and fixedly connected 
with the vacuum casing 110. The vacuum casing 110 
has a base portion 110a formed with an opening 110b 
to have the vacuum chamber 111 of the vacuum casing 
110 held in communication with the atmosphere 112 15 
through the opening 110b of the vacuum casing 110. 
The shaft housing 1 20 is fixedly connected with the base 
portion 110a of the vacuum casing 110 by bolts 121. The 
shaft housing 120 has an inner cylindrical surface 120a. 
[0032] The shaft sealing apparatus 100 further com- 20 
prises a sleeve shaft 130 in the form of a cylindrical hol- 
low shape and received in the shaft housing 120 to be 
movably supported by the shaft housing 120. The 
sleeve shaft 130 is held in coaxial alignment with the 
shaft housing 1 20 and rotatable around its own axis with 25 
respect to the shaft housing 120. The sleeve shaft 130 
has a first axial end 130a extending in the vacuum 
chamber 111 of the vacuum casing 110, a second axial 
end, not shown, extending in the atmosphere 112, an 
outer cylindrical surface 130b smaller in diameter than 30 
the inner cylindrical surface 120a of the shaft housing 
120, and an inner cylindrical surface 130c. The sleeve 
shaft 130 constitutes a driving shaft having an outer cy- 
lindrical surface and movably extending in the vacuum 
chamber 11 1 of the vacuum casing 112. 35 
[0033] While the shaft sealing apparatus 100 has 
been described in the above as comprising a sleeve 
shaft 130 rotatable around its own axis with respect to 
the shaft housing 120, the sleeve shaft 130 may be re- 
placed by a sleeve shaft axially movable along its own 40 
axis with respect to said shaft housing 120 according to 
the present invention. 

[0034] Though the shaft sealing apparatus 100 has 
been described in the above as comprising a sleeve 
shaft 130 in the form of a cylindrical hollow shape and 45 
received in the shaft housing 120 to be held in coaxial 
alignment with the shaft housing 120, the sleeve shaft 
1 30 may be replaced by a plurality of sleeve shafts each 
in the form of a cylindrical hollow shape and received in 
the shaft housing 120 to be held in coaxial alignment so 
with the shaft housing 120 according to the present in- 
vention. 

[0035] The shaft sealing apparatus 100 further com- 
prises a center shaft 140 in the form of a cylindrical 
shape and received in the sleeve shaft 130 to be mov- 55 
abfy supported by the sleeve shaft 1 30. The center shaft 
140 is held in coaxial alignment with the sleeve shaft 
130 and rotatable around its own axis with respect to 



the sleeve shaft 130. The center shaft 140 has a first 
axial end 140a extending in the vacuum chamber 1 1 1 of 
the vacuum casing 110, a second axial end, not shown, 
extending in the atmosphere 112, and an outer cylindri- 
cal surface 140b smaller in diameter than the inner cy- 
lindrical surface 1 30c of the sleeve shaft 1 30. The center 
shaft 140 constitutes a driving shaft having an outer cy- 
lindrical surface and movably extending in the vacuum 
chamber 111 of the vacuum casing 112. 
[0036] While the shaft sealing apparatus 100 has 
been described in the above as comprising a center 
shaft 140 rotatable around its own axis with respect to 
the sleeve shaft 130, the center shaft 140 may be re- 
placed by a center shaft axially movable along its own 
axis with respect to said sleeve shaft 130 according to 
the present invention. 

[0037] The shaft sealing apparatus 100 further com- 
prises a first sealing unit 150 provided on the first axial 
end 1 30a of the sleeve shaft 1 30 and held in axial align- 
ment with the sleeve shaft 1 30. The first sealing unit 1 50 
includes a retaining member 151 in the form of an an- 
nular ring shape and fixedly connected with the first axial 
end 130a of the sleeve shaft 130 by bolts 152, and a 
plurality of sealing rings 153 securely retained by the 
retaining member 151 of the first sealing unit 150 to be 
held in axial alignment with each other. Each of the seal- 
ing rings 153 of the first sealing unit 150 is in the form 
of an annular ring shape and intervenes between the 
center shaft 140 and the retaining member 151 of the 
first sealing unit 150 to hermetically seal the gap be- 
tween the center shaft 140 and the retaining member 
151 of the first sealing unit 150. The sealing rings 153 
of the first sealing unit 1 50 are held in contact with each 
other. 

[0038] The retaining member 151 of the first sealing 
unit 150 has a first axial end 151a extending in the vac- 
uum chamber 111 of the vacuum casing 110, a second 
axial end 151b held in contact with the first axial end 
1 30a of the sleeve shaft 1 30, an inner cylindrical surface 
1 5 1 c larger in diameter than the outer cylindrical surface 
140b of the center shaft 140, and an outer cylindrical 
surface 151d. The inner cylindrical surface 151c of the 
retaining member 151 is formed with an annular ledge 
151e connected with the first axial end 151a of the re- 
taining member 151. The retaining member 151 of the 
first sealing unit 150 forms part of the sleeve shaft 130 
extending in the vacuum chamber 111 of the vacuum 
casing 110. 

[0039] Each ofthe sealing rings 153 of the first sealing 
unit 150 includes an annular resilient member 154 
formed with an annular groove 154a, and an annular 
spring member 1 55 received in the annular groove 1 54a 
of the annular resilient member 154 and retained by the 
annular resilient member 154 as shown in FIG. 2. The 
annular resilient member 1 54 of the sealing ring 1 53 has 
a peripheral portion 154b securely retained by the an- 
nular ledge 151e of the retaining member 151, and a 
sealing lip 154c integrally formed with the peripheral 
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portion 154b of the annular resilient member 154 and 
radially inwardly extending from the peripheral portion 
154b of the annular resilient member 154 to be held in 
contact with the outer cylindrical surface 140b of the 
center shaft 1 40. The sealing lip 1 54c of the annular re- 
silient member 154 is made of a synthetic resin consti- 
tuted by an ultra high molecular weight compound. 
[0040] The annular resilient member 1 54 of the seal- 
ing ring 153 may have a reinforcing portion 154d cov- 
ered by a rubber and intervening between the peripheral 
portion 154b of the annular resilient member 154 and 
the sealing lip 1 54c of the annular resilient member 1 54 
to have the resilient member 154 reinforced with the an- 
nular reinforcing portion 154d. The reinforcing portion 
154d of the annular resilient member 154 is made of a 
metal plate in the form of an annular ring shape and is 
of an L-shaped cross-section taken on the plane per- 
pendicular to the center axis passing therethrough. 
[0041] The annular spring member 1 55 of the sealing 
ring 1 53 is operative to impart a force to the sealing lip 
1 54c of the annular resilient member 1 54 to ensure that 
the sealing lip 154c of the annular resilient member 154 
is held in tight contact with the outer cylindrical surface 
140b of the center shaft 140. The annular spring mem- 
ber 155 of the sealing ring 153 is made of a metal wire 
in the form of a helical shape and is of a circular cross- 
section taken on the plane perpendicular to the center 
axis passing therethrough. The annular spring member 
155 thus constructed is generally called "garter spring". 
[0042] In the first embodiment of the shaft sealing ap- 
paratus according to the present invention, the outer cy- 
lindrical surface 140b of the center shaft 140 is smaller 
in surface roughness Ra defined in Japanese Industrial 
Standard (JIS) B 0601 than 0.1 urn, and the outer cylin- 
drical surface 140b of the center shaft 140 is larger in 
Vickers hardness Hv defined in JIS Z 2244 than 650. 
[0043] The sealing lip 154c of the annular resilient 
member 154 may be held in contact with the outer cy- 
lindrical surface 1 40b of the center shaft 1 40 with a vac- 
uum grease constituted by a lubricant containing fluo- 
rine. The first sealing unit 150 may include a plurality of 
sealing rings 153 each having a sealing lip 154c coated 
with the vacuum grease. The first sealing unit 150 may 
also include a plurality of sealing rings 153 each having 
a sealing lip 154c to have the sealing lips 154c collec- 
tively form an annular groove filled with the vacuum 
grease. The first sealing unit 1 50 may also include a plu- 
rality of sealing rings 1 53 each having a sealing lip 1 54c 
and a subsidiary sealing lip held in contact with the outer 
cylindrical surface 140b of the center shaft 140 to have 
the sealing lip 154c and the subsidiary sealing lip col- 
lectively form an annular groove filled with the vacuum 
grease. 

[0044] The shaft sealing apparatus 100 further com- 
prises a first bearing 1 59 intervening between the center 
shaft 140 and the sleeve shaft 130 to have the center 
shaft 140 movably supported by the sleeve shaft 130 
through the first bearing 159. The first bearing 159 is 



located between the sealing ring 153 of the first sealing 
unit 150 and the second axial end of the center shaft 
140 in axially spaced-apart relationship with the sealing 
ring 153 of the first sealing unit 150. 

5 [0045] The shaft sealing apparatus 100 further com- 
prises first driving means constituted by an electric mo- 
tor, not shown. The electric motor is operatively connect- 
ed with the second axial end of the center shaft 140 to 
rotate the center shaft 140 around its own axis. While 

10 the driving means has been described in the above as 
being constituted by an electric motor operatively con- 
nected with the second axial end of the center shaft 1 40, 
the electric motor may be replaced by a reduction gear 
unit and an electric motor operatively connected with the 

15 second axial end of the center shaft 1 40 through the re- 
duction gear unit. 

[0046] The shaft sealing apparatus 100 further com- 
prises a second sealing unit 1 60 received in the opening 
110b of the vacuum casing 110 and fixedly supported 

20 by the base portion 1 1 0a of the vacuum casing 1 1 0. The 
second sealing unit 160 includes a retaining member 
1 61 in the form of an annular ring shape and fixedly con- 
nected with the base portion 110a of the vacuum casing 
110 by bolts 162, and a plurality of sealing rings 163 se- 

25 curely retained by the retaining member 161 of the sec- 
ond sealing unit 160 to be held in axial alignment with 
each other. Each of the sealing rings 163 of the second 
sealing unit 160 is in the form of an annular ring shape 
and intervenes between the retaining member 151 of 

30 the first sealing unit 150 and the retaining member 161 
of the second sealing unit 160 to hermetically seal the 
gap between the retaining member 151 of the first seal- 
ing unit 1 50 and the retaining member 1 61 of the second 
sealing unit 160. The sealing rings 163 of the second 

35 sealing unit 160 are held in contact with each other. 
[0047] The retaining member 1 61 of the second seal- 
ing unit 160 has a first axial end 161a extending in the 
vacuum chamber 111 of the vacuum casing 110, a sec- 
ond axial end 161b extending in the atmosphere 112, 

^0 and an inner cylindrical surface 161c larger in diameter 
than the outer cylindrical surface 1 51 d of the first sealing 
unit 1 50. The inner cylindrical surface 1 61 c of the retain- 
ing member 161 is formed with an annular ledge 161e 
connected with the second axial end 161b of the retain- 

45 ing member 161. 

[0048] Each of the sealing ring 163 of the second seal- 
ing unit 160 includes an annular resilient member 164 
formed with an annular groove 164a, and an annular 
spring member 165 received in the annular groove 164a 

so of the annular resilient member 1 64 and retained by the 
annular resilient member 164 as shown in FIG. 2. The 
annular resilient member 164 of the sealing ring 163 has 
a peripheral portion 164b securely retained by the an- 
nular ledge 161e of the retaining member 161, and a 

55 sealing lip 164c integrally formed with the peripheral 
portion 164b of the annular resilient member 164 and 
radially inwardly extending from the peripheral portion 
164b of the annular resilient member 164 to be held in 
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contact with the outer cylindrical surface 1 51 d of the first 
sealing unit 150. The sealing lip 164c of the annular re- 
silient member 164 is made of a synthetic resin consti- 
tuted by an ultra high molecular weight compound. 
[0049] The annular resilient member 1 64 of the seal- 
ing ring 163 may have a reinforcing portion 164d cov- 
ered by a rubber and intervening between the peripheral 
portion 164b of the annular resilient member 164 and 
the sealing lip 164c of the annular resilient member 164 
to have the annular resilient member 1 64 reinforced with 
the reinforcing portion 164d. The reinforcing portion 
1 64d of the annular resilient member 1 64 is made of a 
metal plate in the form of an annular ring shape and is 
of an L-shaped cross-section taken on the plane per- 
pendicular to the center axis passing therethrough. 
[0050] The annular spring member 1 65 of the sealing 
ring 1 63 is operative to impart a force to the sealing lip 
1 64c of the annular resilient member 1 64 to ensure that 
the sealing lip 1 64c of the annular resilient member 1 64 
is held in tight contact with the outer cylindrical surface 
151d of the first sealing unit 150. The annular spring 
member 165 of the sealing ring 163 is made of a metal 
wire in the form of a helical shape and is of a circular 
cross-section taken on the plane perpendicular to the 
center axis passing therethrough. The annular spring 
member 165 thus constructed is generally called "garter 
spring". 

[0051] In the first embodiment of the shaft sealing ap- 
paratus according to the present invention, the outer cy- 
lindrical surface 151d of the first sealing unit 150 is 
smaller in surface roughness Ra than 0.1 \im and larger 
in Vickers hardness Hv than 650. 
[0052] The sealing lip 164c of the annular resilient 
member 164 may be held in contact with the outer cy- 
lindrical surface 1 51 d of the first sealing unit 150 with a 
vacuum grease constituted by a lubricant containing flu- 
orine. The second sealing unit 160 may include a plu- 
rality of sealing rings 163 each having a sealing lip 164c 
coated with the vacuum grease. The second sealing unit 
160 may also include a plurality of sealing rings 163 
each having a sealing lip 164c to have the sealing lips 
164c collectively form an annular groove filled with the 
vacuum grease. The second sealing unit 160 may also 
include a plurality of sealing rings 163 each having a 
sealing lip 1 64c and a subsidiary sealing lip held in con- 
tact with the outer cylindrical surface 151d of the first 
sealing unit 150 to have the sealing lip 164c and the 
subsidiary sealing lip collectively form an annular 
groove filled with the vacuum grease. 
[0053] The shaft sealing apparatus 100 further com- 
prises a second bearing 169 intervening between the 
sleeve shaft 130 and the shaft housing 120 to have the 
sleeve shaft 130 movably supported by the shaft hous- 
ing 120 through the second bearing 169. The second 
bearing 169 is located between the sealing ring 163 of 
the second sealing unit 160 and the second axial end of 
the sleeve shaft 1 30 in axialty spaced-apart relationship 
with the sealing ring 163 of the second sealing unit 160. 



[0054] The shaft sealing apparatus 100 further com- 
prises second driving means constituted by an electric 
motor, not shown. The electric motor is operatively con- 
nected with the second axial end of the sleeve shaft 130 

5 to rotate the sleeve shaft 1 30 around its own axis. While 
the driving means has been described in the above as 
being constituted by an electric motor operatively con- 
nected with the second axial end of the sleeve shaft 1 30, 
the electric motor may be replaced by a reduction gear 

w unit and an electric motor operatively connected with the 
second axial end of the sleeve shaft 130 through the 
reduction gear unit. 

[0055] The shaft sealing apparatus 100 further com- 
prises a fixed member 180 in the form of a cylindrical 

15 hollow shape and provided on the first axial end 151a 
of the first sealing unit 150. The fixed member 180 is 
held in axial alignment with the sleeve shaft 130 and fix- 
edly connected with the first axial end 1 51 a of the first 
sealing unit 150 by bolts 181. The fixed member 180 

20 projects from the base portion 1 1 0a of the vacuum cas- 
ing 110 and extends in the vacuum chamber 111 of the 
vacuum casing 110 to be operatively connected with the 
handling mechanism, not shown. The fixed member 180 
forms part of the sleeve shaft 130 extending in the vac- 

25 uum chamber 1 1 1 of the vacuum casing 1 1 0. 

[0056] The shaft sealing apparatus 100 further com- 
prises a base member 190 in the form of a cylindrical 
shape and provided on the first axial end 140a of the 
center shaft 140. The base member 190 is held in axial 

30 alignment with the center shaft 1 40 and fixedly connect- 
ed with the first axial end 140a of the center shaft 140 
by bolts 191. The base member 190 projects from the 
fixed member 180 and extends in the vacuum chamber 
1 1 1 of the vacuum casing 1 1 0 to be operatively connect- 

35 ed with the handling mechanism, not shown. The base 
member 190 forms part of the center shaft 140 extend- 
ing in the vacuum chamber 111 of the vacuum casing 
110. 

[0057] The handling mechanism is disposed in the 

40 vacuum chamber 1 1 1 of the vacuum casing 1 1 0 and in- 
cludes a handling member pivotally supported by the 
fixed member 180 and the base member 190 to be op- 
erative to handle wafers and other substrates in the vac- 
uum chamber 111 of the vacuum casing 110. 

45 [0058] While the sealing ring 1 53 has been described 
in the above as including an annular spring member 1 55 
made of a metal wire in the form of a helical shape as 
shown in FIG. 2, the annular spring member 155 may 
be replaced by an annular spring member made of a 

so metal plate in the form of an annular ring shape as 
shown in FIG. 3 according to the present invention. 
[0059] As will be seen from FIG. 3, the sealing ring 
153 of the first sealing unit 150 includes an annular re- 
silient member 1 56 formed with an annular groove 1 56a, 

55 and an annular spring member 1 57 received in the an- 
nular groove 156a of the annular resilient member 156 
and retained by the annular resilient member 156. The 
annular resilient member 1 56 of the sealing ring 1 53 has 
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a peripheral portion 156b securely retained by the an- 
nular ledge 151e of the retaining member 151, and a 
sealing lip 156c integrally formed with the peripheral 
portion 156b of the annular resilient member 156 and 
radially inwardly extending from the peripheral portion 
156b of the annular resilient member 156 to be held in 
contact with the outer cylindrical surface 140b of the 
center shaft 140. The sealing lip 156c of the annular re- 
silient member 156 is made of a synthetic resin consti- 
tuted by an ultra high molecular weight compound. 
[0060] The annular resilient member 1 56 of the seal- 
ing ring 153 may have a flange portion 156d integrally 
formed with the peripheral portion 156b of the annular 
resilient member 156 and radially outwardly extending 
from the peripheral portion 156b of the annular resilient 
member 1 56. The flange portion 1 56d of the annular re- 
silient member 156 is held in contact with the retaining 
member 151 of the first sealing unit 150 to hermetically 
seal the gap between the center shaft 140 and the re- 
taining member 151 of the first sealing unit 150. 
[0061] The annular spring member 1 57 of the sealing 
ring 1 53 is operative to impart a force to the sealing lip 
1 56c of the annular resilient member 1 56 to ensure that 
the sealing lip 156c of the annular resilient member 156 
is held in tight contact with the outer cylindrical surface 
140b of the center shaft 140. The annular spring mem- 
ber 157 of the sealing ring 153 is made of a metal plate 
in the form of an annular ring shape and is of a channel- 
shaped cross-section taken on the plane perpendicular 
to the center axis passing therethrough. The annular 
spring member 157 thus constructed is generally called 
"cantilever spring". 

[0062] Though the sealing ring 163 has been de- 
scribed in the above as including an annular spring 
member 1 65 made of a metal wire in the form of a helical 
shape as shown in FIG. 2, the annular spring member 
165 may be also replaced by an annular spring member 
made of a metal plate in the form of an annular ring 
shape as shown in FIG. 3 according to the present in- 
vention. 

[0063] While the shaft sealing apparatus 100 has 
been described in the above as comprising a sleeve 
shaft 130 rotatably supported by the shaft housing 120 
as shown in FIG. 1 , the shaft sealing apparatus 1 00 may 
further comprise an intermediate shaft housing interven- 
ing between the shaft housing 1 20 and the sleeve shaft 
130 according to the present invention. The intermedi- 
ate shaft housing is axially movably supported by the 
shaft housing 120 and rotatably supports the sleeve 
shaft 1 30 to ensure that the sleeve shaft 1 30 is rotatable 
and axially movable with respect to the shaft housing 
120. This fact leads to the fact that the second sealing 
unit 1 60 intervenes between the vacuum casing 1 1 0 and 
the sleeve shaft 130 to hermetically seal the gap be- 
tween the vacuum casing 110 and the sleeve shaft 130 
under a rotation and a linear motion of the sleeve shaft 
130. 

[0064] The following description will be directed to a 



method of assembling the shaft sealing apparatus 100 
with reference to the drawings shown in FIGS. 4 and 5. 
The method of assembling the shaft sealing apparatus 
100 is performed through the steps including a prepar- 

5 ing step and first to third installing steps as follows. 
[0065] In the preparing step, the vacuum casing 110, 
the shaft housing 120, the sleeve shaft 130, the center 
shaft 140, the first bearing 159, and the second bearing 
1 69 are prepared as a partially assembled unit as shown 

10 in FIG. 4. The constructions of the vacuum casing 110, 
the shaft housing 120, the sleeve shaft 130, the center 
shaft 140, the first bearing 159, and the second bearing 
169 have been described in the above as will be seen 
in FIG. 1. 

15 [0066] In the first installing step, the second sealing 
unit 160 constituted by the retaining member 161 and 
the sealing rings 163 securely retained by the retaining 
member 1 61 is installed in the opening 1 1 0b of the vac- 
uum casing 110 as shown in FIG. 5. The construction of 

20 the second sealing unit 160 has been described in the 
above as will be seen in FIG. 1. 
[0067] In the second installing step, the first sealing 
unit 150 constituted by the retaining member 151 and 
the sealing rings 153 securely retained by the retaining 

25 member 151 is installed on the first axial end 130a of 
the sleeve shaft 130 as shown in FIG. 5. The construc- 
tion of the first sealing unit 150 has been described in 
the above as will be seen in FIG. 1 . 
[0068] In the third installing step, the fixed member 

30 180 is installed on the first axial end 151a of the retaining 
member 151 of the first sealing unit 150, and the base 
member 190 is installed on the first axial end 140a of 
the center shaft 140. The constructions of the fixed 
member 180 and the base member 190 have been de- 

35 scribed in the above as will be seen in FIG. 1 . The shaft 
sealing apparatus 100 is then assembled as shown in 
FIG. 1. 

[0069] As will be seen from the foregoing description, 
the fact that the outer cylindrical surface of the driving 

40 shaft is smaller in surface roughness Ra than 0.1 \i m 
and larger in Vickers hardness Hv than 650 leads to the 
fact that the first embodiment of the shaft sealing appa- 
ratus according to the present invention makes it possi- 
ble (1) to be excellent in characteristic to seal the gaps 

45 between the driving shaft and other parts around the 
driving shaft within a tolerance (less than 1 x 10 -9 Pa 
m 3 /s). In addition, the fact that the sealing lip of the seal- 
ing ring is made of a synthetic resin constituted by an 
ultra high molecular weight compound leads to the fact 

so that the first embodiment of the shaft sealing apparatus 
according to the present invention makes it possible (2) 
to check the flow of gas. Further, the fact that each of 
the sealing units is installed in the shaft sealing appara- 
tus leads to the fact that the first embodiment of the shaft 

55 sealing apparatus according to the present invention 
makes it possible (3) to be simple in construction, (4) to 
be reduced in size, (5) to be reduced in production cost, 
and (6) to be assembled with facility. 
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[0070] While the shaft sealing apparatus 100 has 
been described in the above as comprising a sleeve 
shaft 1 30 received in the shaft housing 1 20, and a center 
shaft 140 received in the sleeve shaft 130 as shown in 
FIG. 1, the sleeve shaft 130 and the center shaft 140 5 
may be replaced by a driving shaft received in the shaft 
housing 120 according to the present invention. 
[0071] The second embodiment directed to a driving 
shaft received in the shaft housing 120 is shown in FIG. 
6. w 
[0072] In FIG. 6, the shaft sealing apparatus 200 com- 
prises a driving shaft 240 in the form of a cylindrical 
shape and received in the shaft housing 1 20, not shown, 
to be movably supported by the shaft housing 120. The 
driving shaft 240 is held in coaxial alignment with the 15 
shaft housing 1 20 and rotatable around its own axis with 
respect to the shaft housing 120. The driving shaft 240 
has a first axial end 240a extending in the vacuum 
chamber 111 of the vacuum casing 110, a second axial 
end, not shown, extending in the atmosphere 112, and 20 
an outer cylindrical surface 240b smaller in diameter 
than the inner cylindrical surface 120a of the shaft hous- 
ing 120. 

[0073] The shaft sealing apparatus 200 further com- 
prises a sealing unit 260 received in the opening 110b 25 
of the vacuum casing 110 and fixedly supported by the 
base portion 110a of the vacuum casing 110. The seal- 
ing unit 260 includes a retaining member 161 and a plu- 
rality of sealing rings 163. Each of the sealing rings 163 
of the sealing unit 260 intervenes between the driving 30 
shaft 240 and the retaining member 161 of the sealing 
unit 260 to hermetically seal the gap between the driving 
shaft 240 and the retaining member 161 of the sealing 
unit 260. The sealing rings 163 of the sealing unit 260 
are held in axially spaced-apart relationship with each 35 
other. The retaining member 161 of the sealing unit 260 
has an inner cylindrical surface 161c larger in diameter 
than the outer cylindrical surface 240b of the driving 
shaft 240. The sealing lip 164c of the annular resilient 
member 1 64 is held in contact with the outer cylindrical 40 
surface 240b of the driving shaft 240. The annular spring 
member 165 of the sealing ring 163 is operative to im- 
part a force to the sealing lip 1 64c of the annular resilient 
member 164 to ensure that the sealing lip 164c of the 
annular resilient member 1 64 is held in tight contact with 45 
the outer cylindrical surface 240b of the driving shaft 
240. 

[0074] In the second embodiment of the shaft sealing 
apparatus according to the present invention, the outer 
cylindrical surface 240b of the driving shaft 240 is small- 50 
er in surface roughness Ra than 0.1 u,m, and larger in 
Vickers hardness Hv than 650. 
[0075] The shaft sealing apparatus 200 further com- 
prises a fixed member 280 in the form of an annular ring 
shape and provided on the retaining member 1 61 of the 55 
sealing unit 260. The fixed member 280 is fixedly con- 
nected with the retaining member 161 of the sealing unit 
260 by bolts 281. 



[0076] The above description of the second embodi- 
ment has been made only about the driving shaft 240, 
the sealing unit 260 and the fixed member 280 different 
from those of the first embodiment, but has not been 
directed to the vacuum casing 110, the shaft housing 
1 20, the retaining member 1 61 , the sealing ring 1 63 and 
the base member 190 which are entirely the same as 
those of the first embodiment. Detailed description 
about the vacuum casing 110, the shaft housing 120, 
the retaining member 161, the sealing ring 163 and the 
base member 190 will therefore be omitted hereinafter. 
[0077] The following description will be directed to a 
method of assembling the shaft sealing apparatus 200 
with reference to the drawings shown in FIG. 6. The 
method of assembling the shaft sealing apparatus 200 
is performed through the steps including a preparing 
step and first and second installing steps as follows. 
[0078] In the preparing step, the vacuum casing 1 1 0, 
the shaft housing 120, the driving shaft 240 are prepared 
as a partially assembled unit. The construction of the 
driving shaft 240 has been described in the above. 
[0079] In the first installing step, the sealing unit 260 
constituted by the retaining member 1 6 1 and the sealing 
rings 163 securely retained by the retaining member 161 
is installed in the opening 110b of the vacuum casing 
110. The construction of the sealing unit 260 has been 
described in the above. 

[0080] In the second installing step, the fixed member 
280 is installed on the retaining member 1 61 of the seal- 
ing unit 260. The construction of the fixed member 280 
has been described in the above. The shaft sealing ap- 
paratus 200 is then assembled as shown in FIG. 6. 
[0081] It is understood that the second embodiment 
of the shaft sealing apparatus according to the present 
invention has an advantage and effect the same as that 
of the first embodiment of the shaft sealing apparatus 
according to the present invention. 
[0082] Referring now to the drawings, in particular to 
FIG. 7, there is shown the third preferred embodiment 
of the shaft sealing apparatus according to the present 
invention. The shaft sealing apparatus 300 is available 
for a vacuum processing apparatus equipped with a 
handling mechanism. The shaft sealing apparatus 300 
comprises a vacuum casing 310 formed with a vacuum 
chamber 311, and a shaft housing 320 in the form of a 
cylindrical hollow shape and fixedly connected with the 
vacuum casing 310. The vacuum casing 31 0 has a base 
portion 310a formed with an opening 310b to have the 
vacuum chamber 311 of the vacuum casing 310 held in 
communication with the atmosphere 312 through the 
opening 310b of the vacuum casing 310. 
[0083] The shaft housing 320 has a first axial end 
320a extending in the vacuum chamber 311 of the vac- 
uum casing 310, a second axial end, not shown, extend- 
ing in the atmosphere 312, a flange portion 320b inte- 
grally formed with the first axial end 320a and radially 
outwardly extending from the first axial end 320a, and 
an inner cylindrical surface 320c formed with an annular 
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ledge 320d connected with the first axial end 320a. The 
flange portion 320b of the shaft housing 320 is fixedly 
connected with the base portion 310a of the vacuum 
casing 3 1 0 by bolts 321 . Each of the first axial end 320a 
of the shaft housing 320 and the flange portion 320b of 5 
the shaft housing 320 is exposed to the vacuum cham- 
ber 311 of the vacuum casing 310 to form part of the 
base portion 310a of the vacuum casing 310. 
[0084] The shaft sealing apparatus 300 further com- 
prises a sleeve shaft 330 in the form of a cylindrical hoi- 10 
low shape and received in the shaft housing 320 to be 
movably supported by the shaft housing 320. The 
sleeve shaft 330 is held in coaxial alignment with the 
shaft housing 320 and rotatable around its own axis with 
respect to the shaft housing 320. The sleeve shaft 330 *5 
has a first axial end 330a extending in the vacuum 
chamber 311 of the vacuum casing 310, a second axial 
end, not shown, extending in the atmosphere 312, an 
outer cylindrical surface 330b smaller in diameter than 
the inner cylindrical surface 320c of the shaft housing 20 
320, and an inner cylindrical surface 330c formed with 
an annular ledge 330d connected with the first axial end 
330a. The sleeve shaft 330 constitutes a driving shaft 
having an outer cylindrical surface and movably extend- 
ing in the vacuum chamber 311 of the vacuum casing 25 
312. 

[0085] While the shaft sealing apparatus 300 has 
been described in the above as comprising a sleeve 
shaft 330 rotatable around its own axis with respect to 
the shaft housing 320, the sleeve shaft 330 may be re- 30 
placed by a sleeve shaft axially movable along its own 
axis with respect to said shaft housing 320 according to 
the present invention. 

[0086] Though the shaft sealing apparatus 300 has 
been described in the above as comprising a sleeve 35 
shaft 330 in the form of a cylindrical hollow shape and 
received in the shaft housing 320 to be held in coaxial 
alignment with the shaft housing 320, the sleeve shaft 
330 may be replaced by a plurality of sleeve shafts each 
in the form of a cylindrical hollow shape and received in *o 
the shaft housing 320 to be held in coaxial alignment 
with the shaft housing 320 according to the present in- 
vention. 

[0087] The shaft sealing apparatus 300 further com- 
prises a center shaft 340 in the form of a cylindrical 45 
shape and received in the sleeve shaft 330 to be mov- 
ably supported by the sleeve shaft 330. The center shaft 
340 is held in coaxial alignment with the sleeve shaft 
330 and rotatable around its own axis with respect to 
the sleeve shaft 330. The center shaft 340 has a first so 
axial end 340a extending in the vacuum chamber 311 
of the vacuum casing 310, a second axial end, not 
shown, extending in the atmosphere 312, and an outer 
cylindrical surface 340b smaller in diameter than the in- 
ner cylindrical surface 330c of the sleeve shaft 330. The 55 
center shaft 340 constitutes a driving shaft having an 
outer cylindrical surface and movably extending in the 
vacuum chamber 311 of the vacuum casing 312. 



[0088] While the shaft sealing apparatus 300 has 
been described in the above as comprising a center 
shaft 340 rotatable around its own axis with respect to 
the sleeve shaft 330, the center shaft 340 may be re- 
placed by a center shaft axially movable along its own 
axis with respect to said sleeve shaft 330 according to 
the present invention. 

[0089] The shaft sealing apparatus 300 further com- 
prises a first sealing unit 350 received in the annular 
ledge 330d of the sleeve shaft 330 and fixedly supported 
by the sleeve shaft 330. The first sealing unit 350 in- 
cludes a retaining member 351 in the form of an annular 
ring shape and fixedly supported by the sleeve shaft 
330, and a plurality of sealing rings 153 securely re- 
tained by the retaining member 351 of the first sealing 
unit 350 to be held in axial alignment with each other. 
Each of the sealing rings 1 53 of the first sealing unit 350 
is in the form of an annular ring shape and intervenes 
between the center shaft 340 and the retaining member 
351 of the first sealing unit 350 to hermetically seal the 
gap between the center shaft 340 and the retaining 
member 351 of the first sealing unit 350. The sealing 
rings 1 53 of the first sealing unit 350 are held in contact 
with each other. 

[0090] The retaining member 351 of the first sealing 
unit 350 has a first axial end 351a extending in the vac- 
uum chamber 311 of the vacuum casing 310, a second 
axial end 351b held in contact with the annular ledge 
330d of the sleeve shaft 330, and an inner cylindrical 
surface 351 c larger in diameter than the outer cylindrical 
surface 340b of the center shaft 340. The inner cylindri- 
cal surface 351c of the retaining member 351 is formed 
with an annular ledge 351 d connected with the first axial 
end 351a of the retaining member 351. 
[0091] Each of the sealing rings 1 53 of the first sealing 
unit 350 includes an annular resilient member 154 
formed with an annular groove 154a, and an annular 
spring member 1 55 received in the annular groove 1 54a 
of the annular resilient member 154 and retained by the 
annular resilient member 154 as shown in FIG. 2. The 
annular resilient member 1 54 of the sealing ring 1 53 has 
a peripheral portion 154b securely retained by the an- 
nular ledge 351 d of the retaining member 351, and a 
sealing lip 154c integrally formed with the peripheral 
portion 154b of the annular resilient member 154 and 
radially inwardly extending from the peripheral portion 
154b of the annular resilient member 154 to be held in 
contact with the outer cylindrical surface 340b of the 
center shaft 340. The sealing lip 1 54c of the annular re- 
silient member 154 is made of a synthetic resin consti- 
tuted by an ultra high molecular weight compound, 
[0092] The annular resilient member 1 54 of the seal- 
ing ring 153 may have a reinforcing portion 154d cov- 
ered by a rubber and intervening between the peripheral 
portion 154b of the annular resilient member 154 and 
the sealing lip 1 54c of the annular resilient member 1 54 
to have the resilient member 1 54 reinforced with the an- 
nular reinforcing portion 154d. The reinforcing portion 
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154d of the annular resilient member 154 is made of a 
metal plate in the form of an annular ring shape and is 
of an L-shaped cross-section taken on the plane per- 
pendicular to the center axis passing therethrough. 
[0093] The annular spring member 1 55 of the sealing 
ring 153 is operative to impart a force to the sealing lip 
1 54c of the annular resilient member 154 to ensure that 
the sealing lip 1 54c of the annular resilient member 1 54 
is held in tight contact with the outer cylindrical surface 
340b of the center shaft 340. The annular spring mem- 
ber 155 of the sealing ring 153 is made of a metal wire 
in the form of a helical shape and is of a circular cross- 
section taken on the plane perpendicular to the center 
axis passing therethrough. The annular spring member 
155 thus constructed is generally called "garter spring", 
[0094] In the third embodiment of the shaft sealing ap- 
paratus according to the present invention, the outer cy- 
lindrical surface 340b of the center shaft 340 is smaller 
in surface roughness Ra than 0.1 \im and larger in Vick- 
ers hardness Hv than 650. 

[0095] The sealing lip 154c of the annular resilient 
member 154 may be held in contact with the outer cy- 
lindrical surface 340b of the center shaft 340 with a vac- 
uum grease constituted by a lubricant containing fluo- 
rine. The first sealing unit 350 may include a plurality of 
sealing rings 153 each having a sealing lip 154c coated 
with the vacuum grease. The first sealing unit 350 may 
also include a plurality of sealing rings 153 each having 
a sealing lip 154c to have the sealing lips 154c collec- 
tively form an annular groove filled with the vacuum 
grease. The first sealing unit 350 may also include a plu- 
rality of sealing rings 153 each having a sealing lip 154c 
and a subsidiary sealing lip held in contact with the outer 
cylindrical surface 340b of the center shaft 340 to have 
the sealing lip 154c and the subsidiary sealing lip col- 
lectively form an annular groove filled with the vacuum 
grease. 

[0096] The shaft sealing apparatus 300 further com- 
prises a first bearing 359 intervening between the center 
shaft 340 and the sleeve shaft 330 to have the center 
shaft 340 movably supported by the sleeve shaft 330 
through the first bearing 359. The first bearing 359 is 
located between the sealing ring 153 of the first sealing 
unit 350 and the second axial end of the center shaft 
340 in axially spaced-apart relationship with the sealing 
ring 153 of the first sealing unit 350. 
[0097] The shaft sealing apparatus 300 further com- 
prises first driving means constituted by an electric mo- 
tor, not shown. The electric motor is operatively connect- 
ed with the second axial end of the center shaft 340 to 
rotate the center shaft 340 around its own axis. While 
the driving means has been described in the above as 
being constituted by an electric motor operatively con- 
nected with the second axial end of the center shaft 340, 
the electric motor may be replaced by a reduction gear 
unit and an electric motor operatively connected with the 
second axial end of the center shaft 340 through the re- 
duction gear unit. 



[0098] The shaft sealing apparatus 300 further com- 
prises a second sealing unit 360 received in the annular 
ledge 320d of the shaft housing 320 and fixedly support- 
ed by the shaft housing 320. The second sealing unit 
5 360 includes a retaining member 361 in the form of an 
annular ring shape and fixedly supported by the shaft 
housing 320, and a plurality of sealing rings 163 secure- 
ly retained by the retaining member 361 of the second 
sealing unit 360 to be held in axial alignment with each 

10 other. Each of the sealing rings 1 63 of the second seal- 
ing unit 360 is in the form of an annular ring shape and 
intervenes between the sleeve shaft 330 and the retain- 
ing member 361 of the second sealing unit 360 to her- 
metically seal the gap between the sleeve shaft 330 and 

15 the retaining member 361 of the second sealing unit 
360. The sealing rings 163 of the second sealing unit 
360 are held in contact with each other. 
[0099] The retaining member 361 of the second seal- 
ing unit 360 has a first axial end 361a extending in the 

20 vacuum chamber 311 of the vacuum casing 31 0, a sec- 
ond axial end 361 b held in contact with the annular ledge 
320d of the shaft housing 320, and an inner cylindrical 
surface 361 c larger in diameter than the outer cylindrical 
surface 351 d of the sleeve shaft 330. The inner cylindri- 

25 cal surface 361c of the retaining member 361 is formed 
with an annular ledge 361 d connected with the first axial 
end 361a of the retaining member 361 . 
[01 00] Each of the sealing ring 1 63 of the second seal- 
ing unit 360 includes an annular resilient member 164 

30 formed with an annular groove 164a, and an annular 
spring member 1 65 received in the annular groove 1 64a 
of the annular resilient member 1 64 and retained by the 
annular resilient member 164 as shown in FIG. 2. The 
annular resilient member 1 64 of the sealing ring 1 63 has 

35 a peripheral portion 164b securely retained by the an- 
nular ledge 361 d of the retaining member 361, and a 
sealing lip 164c integrally formed with the peripheral 
portion 164b of the annular resilient member 164 and 
radially inwardly extending from the peripheral portion 

40 1 64b of the annular resilient member 164 to be held in 
contact with the outer cylindrical surface 330b of the 
sleeve shaft 330. The sealing lip 164c of the annular re- 
silient member 164 is made of a synthetic resin consti- 
tuted by an ultra high molecular weight compound. 

45 [0101] The annular resilient member 1 64 of the seal- 
ing ring 163 may have a reinforcing portion 164d cov- 
ered by a rubber and intervening between the peripheral 
portion 164b of the annular resilient member 164 and 
the sealing lip 164c of the annular resilient member 164 

so to have the annular resilient member 1 64 reinforced with 
the reinforcing portion 164d. The reinforcing portion 
164d of the annular resilient member 164 is made of a 
metal plate in the form of an annular ring shape and is 
of an L-shaped cross-section taken on the plane per- 

55 pendicular to the center axis passing therethrough. 
[01 02] The annular spring member 1 65 of the sealing 
ring 163 is operative to impart a force to the sealing lip 
1 64c of the annular resilient member 1 64 to ensure that 
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the sealing lip 1 64c of the annular resilient member 1 64 
is held in tight contact with the outer cylindrical surface 
330b of the sleeve shaft 330. The annular spring mem- 
ber 165 of the sealing ring 163 is made of a metal wire 
in the form of a helical shape and is of a circular cross- 
section taken on the plane perpendicular to the center 
axis passing therethrough. The annular spring member 
165 thus constructed is generally called "garter spring". 
[0103] In the third embodiment of the shaft sealing ap- 
paratus according to the present invention, the outer cy- 
lindrical surface 330b of the sleeve shaft 330 is smaller 
in surface roughness Ra than 0.1 u.m and larger in Vick- 
ers hardness Hv than 650. 

[0104] The sealing lip 164c of the annular resilient 
member 164 may be held in contact with the outer cy- 
lindrical surface 330b of the sleeve shaft 330 with a vac- 
uum grease constituted by a lubricant containing fluo- 
rine. The second sealing unit 360 may include a plurality 
of sealing rings 163 each having a sealing lip 164c coat- 
ed with the vacuum grease. The second sealing unit 360 
may also include a plurality of sealing rings 163 each 
having a sealing lip 164c to have the sealing lips 164c 
collectively form an annular groove filled with the vacu- 
um grease. The second sealing unit 360 may also in- 
clude a plurality of sealing rings 163 each having a seal- 
ing lip 164c and a subsidiary sealing lip held in contact 
with the outer cylindrical surface 330b of the sleeve shaft 
330 to have the sealing lip 1 64c and the subsidiary seal- 
ing lip collectively form an annular groove filled with the 
vacuum grease. 

[0105] The shaft sealing apparatus 300 further com- 
prises a second bearing 369 intervening between the 
sleeve shaft 330 and the shaft housing 320 to have the 
sleeve shaft 330 movably supported by the shaft hous- 
ing 320 through the second bearing 369. The second 
bearing 369 is located between the sealing ring 163 of 
the second sealing unit 360 and the second axial end of 
the sleeve shaft 330 in axially spaced-apart relationship 
with the sealing ring 1 63 of the second sealing unit 360. 
[0106] The shaft sealing apparatus 300 further com- 
prises second driving means constituted by an electric 
motor, not shown. The electric motor is operatively con- 
nected with the second axial end of the sleeve shaft 330 
to rotate the sleeve shaft 330 around its own axis. While 
the driving means has been described in the above as 
being constituted by an electric motor operatively con- 
nected with the second axial end of the sleeve shaft 330, 
the electric motor may be replaced by a reduction gear 
unit and an electric motor operatively connected with the 
second axial end of the sleeve shaft 330 through the 
reduction gear unit. 

[0107] The shaft sealing apparatus 300 further com- 
prises a first labyrinth seal unit 371 intervening between 
the sleeve shaft 330 and the center shaft 340 to be ex- 
posed to the vacuum chamber 31 1 of the vacuum casing 
310, and a second labyrinth seal unit 372 intervening 
between the shaft housing 320 and the sleeve shaft 330 
to be exposed to the vacuum chamber 311 of the vacu- 



um casing 310. The first labyrinth seal unit 371 includes 
an outer ring member 373 provided on the first axial end 
330a of the sleeve shaft 330, and an inner ring member 
374 provided on the first axial end 340a of the center 
5 shaft 340. The outer and inner ring members 373 and 

374 of the first labyrinth seal unit 371 collectively form 
an interstice 375 therebetween to be operative to pre- 
vent dust, oil and gas from passing through the interstice 

375 of the first labyrinth seal unit 371. The second lab- 
10 yrinth seal unit 372 includes an outer ring member 376 

provided on the first axial end 320a of the shaft housing 
320, and an inner ring member 377 provided on the first 
axial end 330a of the sleeve shaft 330. The outer and 
inner ring members 376 and 377 of the second labyrinth 
15 seal unit 372 collectively form an interstice 378 therebe- 
tween to be operative to prevent dust, oil and gas from 
passing through the interstice 378 of the second laby- 
rinth seal unit 372. 

[0108] The shaft sealing apparatus 300 further com- 

20 prises a first fixed member 381 in the form of an annular 
ring shape and provided on the first axial end 330a of 
the sleeve shaft 330, a second fixed member 382 in the 
form of an annular ring shape and provided on the first 
axial end 320a of the shaft housing 320, and a base 

25 member 390 in the form of a circular shape and provided 
on the first axial end 340a of the center shaft 340. 
[0109] The second fixed member 382 is held in axial 
alignment with the shaft housing 320 and fixedly con- 
nected with the first axial end 320a of the shaft housing 

30 320 by bolts 387. The second fixed member 382 has an 
inner portion 388 formed with a projection, and a flange 
portion 389 operative to prevent the sealing rings 163 
of the second sealing unit 360 from moving toward the 
vacuum chamber 311 of the vacuum casing 310 with 

35 respect to the sleeve shaft 330. The inner portion 388 
of the second fixed member 382 constitutes the outer 
ring member 376 of the second labyrinth seal unit 372. 
[0110] The second fixed member 382 projects from 
the base portion 310a of the vacuum casing 310 and 

<o extends in the vacuum chamber 31 1 of the vacuum cas- 
ing 310. The second fixed member 382 forms part of the 
shaft housing 320 extending in the vacuum chamber 
311 of the vacuum casing 310. The second fixed mem- 
ber 382 is fixedly connected with the retaining member 

45 361 of the second sealing unit 360 by bolts 396 to be 
operative to prevent the retaining member 361 of the 
second sealing unit 360 from rotating around its own ax- 
is with respect to the shaft housing 320. 
[0111] The first fixed member 381 is held in axial 

so alignment with the sleeve shaft 330 and fixedly connect- 
ed with the first axial end 330a of the sleeve shaft 330 
by bolts 383. The first fixed member 381 has an outer 
portion 384 formed with a pit to fit with the projection of 
the inner portion 388 of the second fixed member 382, 

55 an inner portion 385 formed with a projection, and a 
flange portion 386 operative to prevent the sealing rings 
153 of the first sealing unit 350 from moving toward the 
vacuum chamber 311 of the vacuum casing 310 with 
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respect to the center shaft 340. The outer portion 384 
of the first fixed member 381 constitutes the inner ring 
member 377 of the second labyrinth seal unit 372. The 
inner portion 385 of the first fixed member 381 consti- 
tutes the outer ring member 373 of the first labyrinth seal 5 
unit 371. 

[0112] The first fixed member 381 projects from the 
first axial end 320a of the shaft housing 320 and extends 
in the vacuum chamber 311 of the vacuum casing 310 
to be operatively connected with the handling mecha- 10 
nism, not shown. The first fixed member 381 forms part 
of the sleeve shaft 330 extending in the vacuum cham- 
ber 31 1 of the vacuum casing 31 0. The first fixed mem- 
ber 381 is fixedly connected with the retaining member 
351 of the first sealing unit 350 by bolts 395 to be oper- 1$ 
ative to prevent the retaining member 351 of the first 
sealing unit 350 from rotating around its own axis with 
respect to the sleeve shaft 330. 
[0113] The base member 390 is held in axial align- 
ment with the center shaft 340 and fixedly connected 20 
with the first axial end 340a of the center shaft 340 by 
bolts 391. The base member 390 has an outer portion 
392 formed with a pit to fit with the projection of the inner 
portion 385 of the first fixed member 381. The base 
member 390 projects from the first axial end 330a of the 25 
sleeve shaft 330 and extends in the vacuum chamber 
311 of the vacuum casing 31 0 to be operatively connect- 
ed with the handling mechanism, not shown. The base 
member 390 forms part of the center shaft 340 extend- 
ing in the vacuum chamber 311 of the vacuum casing 30 
310. The outer portion 392 of the base member 390 con- 
stitutes the inner ring member 374 of the first labyrinth 
seal unit 371. 

[0114] In the third embodiment of the shaft sealing ap- 
paratus according to the present invention, the base 35 
member 390 and the first fixed member 381 collectively 
constitute the first labyrinth seal unit 371, and the first 
and second fixed members 381 and 382 collectively 
constitute the second labyrinth seal unit 372. 
[0115] The handling mechanism is disposed in the *o 
vacuum chamber 311 of the vacuum casing 31 0 and in- 
cludes a handling member pivotally supported by the 
first fixed member 381 and the base member 390 to be 
operative to handle wafers and other substrates in the 
vacuum chamber 311 of the vacuum casing 310. 45 
[0116] While the sealing ring 1 53 has been described 
in the above as including an annular spring member 1 55 
made of a metal wire in the form of a helical shape as 
shown in FIG. 2, the annular spring member 155 may 
be replaced by an annular spring member made of a so 
metal plate in the form of an annular ring shape as 
shown in FIG. 3 according to the present invention. 
[0117] As will be seen from FIG. 3, the sealing ring 
153 of the first sealing unit 350 includes an annular re- 
silient member 1 56 formed with an annular groove 1 56a, 55 
and an annular spring member 1 57 received in the an- 
nular groove 156a of the annular resilient member 156 
and retained by the annular resilient member 156. The 



annular resilient member 1 56 of the sealing ring 1 53 has 
a peripheral portion 156b securely retained by the an- 
nular ledge 351d of the retaining member 351, and a 
sealing lip 156c integrally formed with the peripheral 
portion 156b of the annular resilient member 156 and 
radially inwardly extending from the peripheral portion 
156b of the annular resilient member 156 to be held in 
contact with the outer cylindrical surface 340b of the 
center shaft 340. The sealing lip 156c of the annular re- 
silient member 156 is made of a synthetic resin consti- 
tuted by an ultra high molecular weight compound. 
[0118] The annular resilient member 1 56 of the seal- 
ing ring 153 may have a flange portion 156d integrally 
formed with the peripheral portion 156b of the annular 
resilient member 156 and radially outwardly extending 
from the peripheral portion 156b of the annular resilient 
member 1 56. The flange portion 1 56d of the annular re- 
silient member 156 is held in contact with the retaining 
member 351 of the first sealing unit 350 to hermetically 
seal the gap between the center shaft 340 and the re- 
taining member 351 of the first sealing unit 350. 
[01 1 9] The annular spring member 1 57 of the sealing 
Ting 153 is operative to impart a force to the sealing lip 
156c of the annular resilient member 156 to ensure that 
the sealing lip 1 56c of the annular resilient member 1 56 
is held in tight contact with the outer cylindrical surface 
340b of the center shaft 340. The annular spring mem- 
ber 157 of the sealing ring 153 is made of a metal plate 
in the form of an annular ring shape and is of a channel- 
shaped cross-section taken on the plane perpendicular 
to the center axis passing therethrough. The annular 
spring member 157 thus constructed is generally called 
"cantilever spring". 

[0120] Though the sealing ring 163 has been de- 
scribed in the above as including an annular spring 
member 1 65 made of a metal wire in the form of a helical 
shape as shown in FIG. 2, the annular spring member 
1 65 may be also replaced by an annular spring member 
made of a metal plate in the form of an annular ring 
shape as shown in FIG. 3 according to the present in- 
vention. 

[0121] While the shaft sealing apparatus 300 has 
been described in the above as comprising a sleeve 
shaft 330 rotatably supported by the shaft housing 320 
as shown in FIG. 7, the shaft sealing apparatus 300 may 
further comprise an intermediate shaft housing interven- 
ing between the shaft housing 320 and the sleeve shaft 
330 according to the present invention. The intermedi- 
ate shaft housing is axially movably supported by the 
shaft housing 320 and rotatably supports the sleeve 
shaft 330 to ensure that the sleeve shaft 330 is rotatable 
and axially movable with respect to the shaft housing 
320. This fact leads to the fact that the second sealing 
unit 360 intervenes between the vacuum casing 310 and 
the sleeve shaft 330 to hermetically seat the gap be- 
tween the vacuum casing 310 and the sleeve shaft 330 
under a rotation and a linear motion of the sleeve shaft 
330. 
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[0122] The following description will be directed to a 
method of assembling the shaft sealing apparatus 300 
with reference to the drawing shown in FIG. 7. The meth- 
od of assembling the shaft sealing apparatus 300 is per- 
formed through the steps including a preparing step and 
first to third installing steps as follows. 
[01 23] In the preparing step, the vacuum casing 31 0, 
the shaft housing 320, the sleeve shaft 330, the center 
shaft 340, the first bearing 359, and the second bearing 
369 are prepared as a partially assembled unit. The con- 
structions of the vacuum casing 310, the shaft housing 
320, the sleeve shaft 330, the center shaft 340, the first 
bearing 359, and the second bearing 369 have been de- 
scribed in the above. 

[0124] In the first installing step, the first sealing unit 
350 constituted by the retaining member 351 and the 
sealing rings 153 securely retained by the retaining 
member 351 is installed in the annular ledge 330d of the 
shaft housing 330, and the second sealing unit 360 con- 
stituted by the retaining member 361 and the sealing 
rings 163 securely retained by the retaining member 361 
is installed in the annular ledge 320d of the shaft housing 
320. The constructions of the first and second sealing 
units 350 and 360 have been described in the above. 
[0125] In the second installing step, the second fixed 
member 382 is installed on the first axial end 320a of 
the shaft housing 320, and the first fixed member 381 is 
installed on the first axial end 330a of the sleeve shaft 
330. The second labyrinth seal unit 372 is then installed 
between the shaft housing 320 and the sleeve shaft 330 
to be exposed to the vacuum chamber 311 of the vacu- 
um casing 310. The constructions of the first and second 
fixed members 381 and 382, and the second labyrinth 
seal unit 372 have been described in the above. 
[0126] In the third installing step, the base member 
390 is installed on the first axial end 340a of the center 
shaft 340. The first labyrinth seal unit 371 is then in- 
stalled between the sleeve shaft 330 and the center 
shaft 340 to be exposed to the vacuum chamber 311 of 
the vacuum casing 310. The constructions of the base 
member 390 and the first labyrinth seal unit 371 have 
been described in the above. The shaft sealing appara- 
tus 300 is then assembled as shown in FIG. 7. 
[0127] As will be seen from the foregoing description, 
the fact that the outer cylindrical surface of the driving 
shaft is smaller in surface roughness Ra than 0.1 n m 
and larger in Vickers hardness Hv than 650 leads to the 
fact that the third embodiment of the shaft sealing ap- 
paratus according to the present invention makes it pos- 
sible (1 ) to be excellent in characteristic to seal the gaps 
between the driving shaft and other parts around the 
driving shaft within a tolerance (less than 1 x 10-9 Pa 
m 3 /s). In addition, the fact that the sealing lip of the seal- 
ing ring is made of a synthetic resin constituted by an 
ultra high molecular weight compound leads to the fact 
that the third embodiment of the shaft sealing apparatus 
according to the present invention makes it possible (2) 
to check the flow of gas. Further, the fact that each of 



the sealing units is installed in the shaft sealing appara- 
tus separately leads to the fact that the third embodi- 
ment of the shaft sealing apparatus according to the 
present invention makes it possible (3) to be simple in 

5 construction, (4) to be reduced in size, (5) to be reduced 
in production cost, (6) to be assembled with facility, (7) 
to eliminate the need of centering of the sealing unit, 
and (8) to prevent the sealing lip from breaking. Further, 
the fact that each of the labyrinth seal units is installed 

10 in the shaft sealing apparatus leads to the fact that the 
third embodiment of the shaft sealing apparatus accord- 
ing to the present invention makes it possible (9) to pre- 
vent dust, oil and gas from passing through the interstice 
of the labyrinth seal unit. Further, the fact that each of 

is the base member and the first fixed member collectively 
constitute the first labyrinth seal unit, and the first and 
second fixed members collectively constitute the sec- 
ond labyrinth seal unit leads to the fact that the third em- 
bodiment of the shaft sealing apparatus according to the 

20 present invention makes it possible (10) to be reduced 
in parts count, and (11) to be reduced in size. 

Claims 

25 

1. A shaft sealing apparatus, comprising: 

a vacuum casing (110) formed with a vacuum 
chamber (111); 

30 a driving shaft (130, 140) having an outer cylin- 

drical surface (130b, 140b) and movabty ex- 
tending in said vacuum chamber (111) of said 
vacuum casing (110); and 
a sealing ring (153, 163) in the form of an an- 

35 nular ring shape and including a sealing lip 

(154c, 164c) held in contact with said outer cy- 
lindrical surface (130b, 140b) of said driving 
shaft (130, 140), an annular spring member 
(155, 165) operative to impart a force to said 

to sealing lip (1 54c, 1 64c) to ensure that said seal- 

ing lip (154c, 164c) is held in tight contact with 
said outer cylindrical surface (130b, 140b) of 
said driving shaft (130, 140), and a peripheral 
portion (154b, 164b) radially outwardly extend- 

45 ing from said sealing lip (154c, 164c), in which 

said outer cylindrical surface (130b, 140b) of 
said driving shaft (130, 140) is smaller in sur- 
face roughness Ra than 0.1 (\im). 

50 2. A shaft sealing apparatus as set forth in claim 1 , in 
which said outer cylindrical surface (130b, 140b) of 
said driving shaft (130, 140) is larger in Vickers 
hardness Hv than 650. 

55 3. A shaft sealing apparatus as set forth in claim 1 , in 
which said annular spring member (155, 165) of 
said sealing ring (153, 163) is made of a metal wire 
in the form of a helical shape and is of a circular 
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cross-section taken on the plane perpendicular to 
the center axis passing therethrough. 

4. A shaft sealing apparatus as set forth in claim 1 , in 
which said annular spring member (155, 165) of 5 
said sealing ring (153, 1 63) is made of a metal plate 

in the form of a annular ring shape and is of a chan- 
nel-shaped cross-section taken on the plane per- 
pendicular to the center axis passing therethrough. 

10 

5. A shaft sealing apparatus as set forth in claim 1 , in 
which said sealing lip (154c, 164c) of said sealing 
ring (153, 163) is made of a synthetic resin consti- 
tuted by an ultra high molecular weight compound. 

15 

6. A shaft sealing apparatus, comprising: 

a vacuum casing (110) formed with a vacuum 
chamber (111) and having a base portion 
(110a) formed with an opening (110b) to have 20 
said vacuum chamber (111) of said vacuum 
casing (110) held in communication with the at- 
mosphere (112) through said opening (110b) of 
said vacuum casing (110); 

a shaft housing (1 20) in the form of a cylindrical 25 7. 
hollow shape and fixedly connected with said 
base portion (110a) of said vacuum casing 
(110), said shaft housing (120) having an inner 
cylindrical surface (120a); 8. 
a driving shaft (240) in the form of a cylindrical 30 
shape and received in said shaft housing (120) 
to be movably supported by said shaft housing 
(120), said driving shaft (240) held in coaxial 
alignment with said shaft housing (120) and 9. 
having a first axial end (240a) extending in said 35 
vacuum chamber (111) of said vacuum casing 
(110), a second axial end extending in the at- 
mosphere (112), and an outer cylindrical sur- 
face (240b) smaller in diameter than said inner 
cylindrical surface ( 1 20a) of said shaft housing 40 
(120); and 

a sealing unit (260) received in said opening 
(110b) of said vacuum casing (110) and fixedly 
supported by said base portion (110a) of said 
vacuum casing (110), said sealing unit (260) in- 45 
eluding a retaining member (161) in the form of 
an annular ring shape and fixedly connected 
with said base portion (110a) of said vacuum 
casing (110), and a sealing ring (163) in the 
form of an annular ring shape and securely re- so 
tained by said retaining member (161) of said 
sealing unit (260), said sealing ring (163) of 
said sealing unit (260) intervening between 
said driving shaft (240) and said retaining mem- 
ber ( 1 61 ) of said sealing unit (260) to hermeti- 55 
cally seal the gap between said driving shaft 
(240) and said retaining member (161) of said 
sealing unit (260), said sealing ring (163) of 



said sealing unit (260) including an annular re- 
silient member (164) formed with an annular 
groove (164a), and an annular spring member 
(1 65) received in said annular groove (1 64a) of 
said annular resilient member (164) and re- 
tained by said annular resilient member (164), 
said annular resilient member (164) of said 
sealing ring (163) having a peripheral portion 
(164b) securely retained by said retaining 
member (161), and a sealing lip (164c) integral- 
ly formed with said peripheral portion (164b) of 
said annular resilient member (164) and radial- 
ly inwardly extending from said peripheral por- 
tion (164b) of said annular resilient member 
(164) to be held in contact with said outer cy- 
lindrical surface (240b) of said driving shaft 
(240), said annular spring member (165) of said 
sealing ring (163) operative to impart a force to 
said sealing lip (164c) of said annular resilient 
member (164) to ensure that said sealing lip 
(164c) of said annular resilient member (164) 
is held in tight contact with said outer cylindrical 
surface (240b) of said driving shaft (240). 

A shaft sealing apparatus as set forth in claim 6, in 
which said driving shaft (240) is rotatable around its 
own axis with respect to said shaft housing (120). 

A shaft sealing apparatus as set forth in claim 6, in 
which said driving shaft (240) is axially movable 
along its own axis with respect to said shaft housing 
(120). 

A shaft sealing apparatus, comprising: 

a vacuum casing (110) formed with a vacuum 
chamber (111) and having a base portion 
(110a) formed with an opening (110b) to have 
said vacuum chamber (111) of said vacuum 
casing (110) held in communication with the at- 
mosphere (112) through said opening (110b) of 
said vacuum casing (110); 
a shaft housing (120) in the form of a cylindrical 
hollow shape and fixedly connected with said 
base portion (110a) of said vacuum casing 
(110), said shaft housing (120) having an inner 
cylindrical surface (120a); 
a sleeve shaft (130) in the form of a cylindrical 
hollow shape and received in said shaft hous- 
ing (1 20) to be movably supported by said shaft 
housing (120), said sleeve shaft (130) held in 
coaxial alignment with said shaft housing (1 20) 
and having a first axial end (130a) extending in 
said vacuum chamber (111) of said vacuum 
casing (110), a second axial end extending in 
the atmosphere (112), an outer cylindrical sur- 
face (130b) smaller in diameter than said inner 
cylindrical surface (120a) of said shaft housing 
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(120), and an inner cylindrical surface (130c); 
a center shaft (140) in the form of a cylindrical 
shape and received in said sleeve shaft (130) 
to be movably supported by said sleeve shaft 
(130), said center shaft (140) held in coaxial 5 
alignment with said sleeve shaft (1 30) and hav- 
ing a first axial end (140a) extending in said 
vacuum chamber (111) of said vacuum casing 
(110), a second axial end extending in the at- 
mosphere (112), and an outer cylindrical sur- 10 
face (140b) smaller in diameter than said inner 
cylindrical surface (130c) of said sleeve shaft 
(130); 

a first sealing unit (150) provided on said first 
axial end (130a) of said sleeve shaft (130) and *5 
held in coaxial alignment with said sleeve shaft 
(130), said first sealing unit (150) including a 
retaining member (151) in the form of an annu- 
lar ring shape and fixedly connected with said 
first axial end (130a) of said sleeve shaft (130), 20 
and a sealing ring (1 53) in the form of an annu- 
lar ring shape and securely retained by said re- 
taining member (151) of said first sealing unit 
(150), said sealing ring (153) of said first seal- 
ing unit (150) intervening between said center 25 
shaft (140) and said retaining member (151) of 
said first sealing unit (150) to hermetically seal 
the gap between said center shaft (140) and 
said retaining member (151 ) of said first sealing 
unit (150), said sealing ring (153) of said first 30 
sealing unit (150) including an annular resilient 
member (154) formed with an annular groove 
( 1 54a), and an annular spring member (1 55) re- 
ceived in said annular groove ( 1 54a) of said an- 
nular resilient member (154) and retained by 35 
said annular resilient member (1 54), said annu- 
lar resilient member (154) of said sealing ring 
(153) having a peripheral portion (154b) se- 
curely retained by said retaining member (151), 
and a sealing lip (154c) integrally formed with 40 
said peripheral portion (154b) of said annular 
resilient member (1 54) and radially inwardly ex- 
tending from said peripheral portion (154b) of 
said annular resilient member (154) to be held 
in contact with said outer cylindrical surface 45 
(140b) of said center shaft (140), said annular 
spring member (155) of said sealing ring (153) 
operative to impart a force to said sealing lip 
(154c) of said annular resilient member (154) 
to ensure that said sealing tip (154c) of said an- so 
nular resilient member (1 54) is held in tight con- 
tact with said outer cylindrical surface (140b) of 
said center shaft (140); and 
a second sealing unit (160) received in said 
opening (110b) of said vacuum casing (110) 55 
and fixedly supported by said base portion 
(110a) of said vacuum casing (110), said sec- 
ond sealing unit (160) including a retaining 



member (161) in the form of an annular ring 
shape and fixedly connected with said base 
portion (110a) of said vacuum casing (110), and 
a sealing ring (163) in the form of an annular 
ring shape and securely retained by said retain- 
ing member (161) of said second sealing unit 
(160), said sealing ring (163) of said second 
sealing unit (160) intervening between said re- 
taining member (151) of said first sealing unit 
(150) and said retaining member (161) of said 
second sealing unit (160) to hermetically seal 
the gap between said retaining member (151) 
of said first sealing unit (1 50) and said retaining 
member (161) of said second sealing unit 
(160), said sealing ring (163) of said second 
sealing unit (160) including an annular resilient 
member (164) formed with an annular groove 
(1 64a), and an annular spring member (1 65) re- 
ceived in said annular groove (1 64a) of said an- 
nular resilient member (164) and retained by 
said annular resilient member (1 64), said annu- 
lar resilient member (164) of said sealing ring 
(163) having a peripheral portion (164b) se- 
curely retained by said retaining member (161), 
and a sealing lip (164c) integrally formed with 
said peripheral portion (164b) of said annular 
resilient member (1 64) and radially inwardly ex- 
tending from said peripheral portion (164b) of 
said annular resilient member (164) to be held 
in contact with said outer cylindrical surface 
(151 d) of said first sealing unit (150), said an- 
nular spring member (165) of said sealing ring 

(1 63) operative to impart a force to said sealing 
lip (164c) of said annular resilient member 

(164) to ensure that said sealing lip (164c) of 
said annular resilient member (164) is held in 
tight contact with said outer cylindrical surface 
(151d) of said first sealing unit (150). 

10. A shaft sealing apparatus as set forth in claim 9, in 
which said sleeve shaft (1 30) is rotatable around its 
own axis with respect to said shaft housing (120). 

11. A shaft sealing apparatus as set forth in claim 9, in 
which said sleeve shaft (130) is axially movable 
along its own axis with respect to said shaft housing 
(120). 

12. A shaft sealing apparatus as set forth in claim 9, in 
which said center shaft (140) is rotatable around its 
own axis with respect to said sleeve shaft (130). 

13. A shaft sealing apparatus as set forth in claim 9, in 
which said center shaft (140) is axially movable 
along its own axis with respect to said sleeve shaft 
(130). 

14. A shaft sealing apparatus, comprising: 
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a vacuum casing (310) formed with a vacuum 
chamber (311) and having a base portion 
(310a) formed with an opening (310b) to have 
said vacuum chamber (311) of said vacuum 
casing (310) held in communication with the at- 5 
mosphere (312) through said opening (310b) of 
said vacuum casing (310); 
a shaft housing (320) in the form of a cylindrical 
hollow shape and fixedly connected with said 
base portion (310a) of said vacuum casing 10 
(310), said shaft housing (320) having an inner 
cylindrical surface (320c); 
a sleeve shaft (330) in the form of a cylindrical 
hollow shape and received in said shaft hous- 
ing (320) to be movably supported by said shaft *5 
housing (320), said sleeve shaft (330) held in 
coaxial alignment with said shaft housing (320) 
and having a first axial end (330a) extending in 
said vacuum chamber (311) of said vacuum 
casing (310), a second axial end extending in 20 
the atmosphere (312), an outer cylindrical sur- 
face (330b) smaller in diameter than said inner 
cylindrical surface (320c) of said shaft housing 
(320), and an inner cylindrical surface (330c); 
a center shaft (340) in the form of a cylindrical 25 
shape and received in said sleeve shaft (330) 
to be movably supported by said sleeve shaft 
(330), said center shaft (340) held in coaxial 
alignment with said sleeve shaft (330) and hav- 
ing a first axial end (340a) extending in said 30 
vacuum chamber (311) of said vacuum casing 
(310), a second axial end extending in the at- 
mosphere (312), and an outer cylindrical sur- 
face (340b) smaller in diameter than said inner 
cylindrical surface (330c) of said sleeve shaft 35 
(330); 

a first sealing unit (350) fixedly supported by 
said sleeve shaft (330), said first sealing unit 

(350) including a retaining member (351) in the 
form of an annular ring shape and fixedly sup- 40 
ported by said sleeve shaft (330), and a sealing 
ring (153) in the form of an annular ring shape 
and securely retained by said retaining member 

(351 ) of said first sealing unit (350), said sealing 
ring (153) of said first sealing unit (350) inter- 45 
vening between said center shaft (340) and 
said retaining member (351 ) of said first sealing 
unit (350) to hermetically seal the gap between 
said center shaft (340) and said retaining mem- 
ber (351) of said first sealing unit (350), said so 
sealing ring (1 53) of said first sealing unit (350) 
including an annular resilient member (154) 
formed with an annular groove (154a), and an 
annular spring member (155) received in said 
annular groove (1 54a) of said annular resilient 55 
member (154) and retained by said annular re- 
silient member (154), said annular resilient 
member (154) of said sealing ring (153) having 15. 



a peripheral portion (1 54b) securely retained by 
said retaining member (351), and a sealing lip 
(154c) integrally formed with said peripheral 
portion ( 1 54b) of said annular resilient member 

(154) and radially inwardly extending from said 
peripheral portion (154b) of said annular resil- 
ient member (154) to be held in contact with 
said outer cylindrical surface (340b) of said 
center shaft (340), said annular spring member 

(155) of said sealing ring (153) operative to im- 
part a force to said sealing lip (1 54c) of said an- 
nular resilient member (1 54) to ensure that said 
sealing lip ( 1 54c) of said annular resilient mem- 
ber (154) is held in tight contact with said outer 
cylindrical surface (340b) of said center shaft 
(340); and 

a second sealing unit (360) fixedly supported 
by said base portion (310a) of said vacuum cas- 
ing (310), said second sealing unit (360) includ- 
ing a retaining member (361) in the form of an 
annular ring shape and fixedly supported by 
said base portion (310a) of said vacuum casing 
(310), and a sealing ring (163) in the form of an 
annular ring shape and securely retained by 
said retaining member (361) of said second 
sealing unit (360), said sealing ring (163) of 
said second sealing unit (360) intervening be- 
tween said sleeve shaft (330) and said retaining 
member (361 ) of said second sealing unit (360) 
to hermetically seal the gap between said 
sleeve shaft (330) and said retaining member 
(361) of said second sealing unit (360), said 
sealing ring (163) of said second sealing unit 
(360) including an annular resilient member 
(164) formed with an annular groove (164a), 
and an annular spring member (165) received 
in said annular groove (164a) of said annular 
resilient member (1 64) and retained by said an- 
nular resilient member (164), said annular re- 
silient member (164) of said sealing ring (163) 
having a peripheral portion (164b) securely re- 
tained by said retaining member (361), and a 
sealing lip (164c) integrally formed with said pe- 
ripheral portion (164b) of said annular resilient 
member (164) and radially inwardly extending 
from said peripheral portion (164b) of said an- 
nular resilient member (164) to be held in con- 
tact with said outer cylindrical surface (330b) of 
said sleeve shaft (330), said annular spring 
member (165) of said sealing ring (163) opera- 
tive to impart a force to said sealing lip (164c) 
of said annular resilient member (164) to en- 
sure that said sealing lip (164c) of said annular 
resilient member (164) is held in tight contact 
with said outer cylindrical surface (330b) of said 
sleeve shaft (330). 

A shaft sealing apparatus as set forth in claim 14, 
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which further comprises a first labyrinth seal unit 

(371) intervening between said sleeve shaft (330) 
and said center shaft (340) to be exposed to said 
vacuum chamber (311) of said vacuum casing 
(310), and a second labyrinth seal unit (372) inter- 5 
vening between said vacuum casing (310) and said 
sleeve shaft (330) to be exposed to said vacuum 
chamber (311) of said vacuum casing (310), said 
first labyrinth seal unit (371) including an outer ring 
member (373) provided on said first axial end to 
(330a) of said sleeve shaft (330), and an inner ring 
member (374) provided on said first axial end 
(340a) of said center shaft (340), said outer and in- 
ner ring members (373 and 374) of said first laby- 
rinth seal unit (37 1 ) collectively forming an interstice is 
(375) therebetween, said second labyrinth seal unit 

(372) including an outer ring member (376) provid- 
ed on said base portion (31 0a) of said vacuum cas- 
ing (310), and an inner ring member (377) provided 

on said first axial end (330a) of said sleeve shaft w 
(330), said outer and inner ring members (376 and 
377) of said second labyrinth seal unit (372) collec- 
tively forming an interstice (378) therebetween. 

16. A shaft sealing apparatus as set forth in claim 15, 25 
which further comprises a base member (390) in the 
form of a circular shape and provided on said first 
axial end (340a) of said center shaft (340), a first 
fixed member (381) in the form of an annular ring 
shape and provided on said first axial end (330a) of 30 
said sleeve shaft (330), and a second fixed member 
(382) in the form of an annular ring shape and pro- 
vided on said base portion (310a) of said vacuum 
casing (310), said base member (390) and said first 
fixed member (381) collectively constituting said 35 
first labyrinth seal unit (371), said first and second 
fixed members (381 and 382) collectively constitut- 
ing said second labyrinth seal unit (372). 

17. A shaft sealing apparatus as set forth in claim 14, *o 
in which said sleeve shaft (330) is rotatable around 

its own axis with respect to said shaft housing (320). 

18. A shaft sealing apparatus as set forth in claim 14, 

in which said sleeve shaft (330) is axially movable « 
along its own axis with respect to said shaft housing 
(320). 

19. A shaft sealing apparatus as set forth in claim 14, 

in which said center shaft (340) is rotatable around 50 
its own axis with respect to said sleeve shaft (330). 

20. A shaft sealing apparatus as set forth in claim 14, 
in which said center shaft (340) is axially movable 
along its own axis with respect to said sleeve shaft 55 
(330). 
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